This paper presents a global methodology to compute wind flow in complex urban areas in order to assess wind pedestrian comfort, wind energy, wind safety or natural ventilation potential. The numerical tool presented here is composed of a CFD software suite covering both regional scale (20 km) and urban scale (1km), and able to model the wind in any complex terrains and in large urban environments. Examples are presented in the paper in order to show the advantages of the methodology for urban designers.
Introduction
From an urban designer point of view, the knowledge of the urban climatology and especially the wind flow around buildings is crucial in many applications such as:
• Wind characteristics for the design of buildings and structures;
• Wind comfort in outdoor spaces and in opened indoor spaces exposed to wind;
• Wind safety of pedestrian and urban transportation system (tramway, shuttles, cable car…); • Wind energy production from small wind turbines;
• Air quality and thermal behavior inside buildings (depending on wind pressure on façades). A lot of publications show that Computational Fluid Dynamics (CFD) tools, when dedicated to wind flow inside built environment, allow an exhaustive interpretation of wind flows: Estimation of extreme wind speeds for wind design, assessment of stability of crane, optimization of the master plan according to pedestrians wind comfort [1] - [3] , natural ventilation [4] and small energy production [5] .
In this paper, a whole methodology is presented based on a suite of commercial software (TopoWind and UrbaWind), allowing computation of wind flow at high resolution in an urban environment. Some examples of applications to wind safety, outdoor climatic comfort, energy saving are shown. This methodology is designed for operational applications, i.e. a compromise between automaticity, computation time, efficiency and required accuracy has been systematically looked for.
Technical Background
We take the example of the city of Barcelona. The developed methodology consists in two main steps:
• Transferring wind data from a weather station to a 200 m high area over the urban area. We use the CFD software Topowind [6] which through Navier-Stokes equa- proposed. However they are not applicable to complex topography terrain and neither inside the urban boundary layer. Then, the above procedure is proposed to get the real 50-yr wind speed and associated turbulence in each direction. This approach has been validated with comparison with the Eurocode [8] .
When applied to moving structures, like cranes, a simple mechanical model can be added to evaluate the risk of instability (self-rotating) following a procedure previously applied in wind tunnel on crane models [9] . The computations of the crane dynamics 
Pedestrian Comfort and Safety in Outdoor Spaces
The wind comfort is expressed in terms of frequency of wind speeds threshold exceedance. The CSTB criterion [10] considers the frequency of the "gust speed" exceeding 3.6 m/s, defined as the sum of the 10 min mean wind speed and its standard deviation. An area is considered as "uncomfortable" if the threshold is exceeded with a frequency of 5% for a steady position, 10% for a walking pedestrian, and 20% for a brisk walking. 
Wind Safety for Transportation System
Tramways, shuttles, trains, high-sided lorries can be at risk of a wind-induced accident on exposed sites such as embankment, or long span bridges. Wind alarm procedures, based on a scientific probabilistic approach, are currently used in the railway transportation, for instance for the TGV lines in France. In road transportation, while a number of bridges have adopted vehicle restriction measures, new rules were defined in order to reduce the degree of arbitrariness throw the WEATHER project "Wind Early Alarm system for Terrestrial transportation, Handling the Evaluation of Risks" [11] . The base of the methodology is to define the statistics of the wind at each point along the track in order to assess the frequency or occurrence of high winds that exceed a safety threshold. The threshold was defined previously for every vehicle. Hereafter, the Figure 6 shows an example of wind statistics computed with the CFD suite for tramway network in Barcelona in order to assess the risk and to design wind alarm system if relevant.
Wind Energy Production from Small Wind Turbines
Built environment is characterized by high turbulence intensity and low mean wind by nearby buildings). Thermal design was carried out according to the simple methodology Batipei commonly used in such tropical overseas territories (Sanquer et al. [13] ).
Conclusion
The recent progress in numerical methods and wind analysis give now the possibility of evaluating the statistical properties of the wind (mean wind speed and direction, turbulent fluctuations) in very complex sites, like built environment. The procedure presented is a combination of CFD modelling at two different scales in order to transfer the wind characteristics as they are measured at weather stations to the real wind at the urban site, with a resolution better than 1 m, as requested for some applications. Such tools are now available and can be used easily in civil engineering for a very large spectrum of applications.
